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ABSTRACT 


Description  of  an  apparatus  suitable  for  general  magnetic  testing  in  the  range 
of  values  of  magnetizing  force  from  100  to  1,000  oersteds.  Specimens  of  rec- 
tangular cross-section  from  one-half  inch  (1.27  cm)  to  1%  inches  (3.8  cm)  in  width 
and  any  thickness  up  to  three-fourths  inch  (1.9  cm)  can  he  tested  with  an  accu- 
racy estimated  to  be  within  2  per  cent.  The  apparatus  is  convenient  and  simple 
to  operate,  and  does  not  heat  the  specimen. 
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I.  INTRODUCTION 

As  a  result  of  recent  developments  in  magnetic  materials,  it  has 
become  necessary  to  increase  the  maximum  value  of  magnetizing 
force  used  in  magnetic  testing.  Whereas,  previously,  a  maximum 
value  of  300  oersteds  was  ample,  forces  up  to  1,000  oersteds  are  now 
required.  In  the  design  of  apparatus  to  work  at  these  higher  values 
of  magnetizing  force,  two  points  in  particular  must  be  kept  in  mind  if 
satisfactory  results  are  to  be  obtained.  First,  the  magnetic  circuit 
must  be  of  such  a  form  that  uniform  magnetization  is  produced  in 
the  part  of  the  specimen  under  test.  Failure  to  meet  this  condition 
results  in  errors  in  the  observed  values  of  both  magnetizing  force  and 
induction.  Second,  the  apparatus  should  be  so  designed  that  heating 
of  the  specimen  is  avoided.  The  current  required  for  the  application 
of  high  magnetizing  forces  produces  a  considerable  amount  of  heat 
which  should  not  be  allowed  to  raise  the  temperature  of  the  specimen 
by  as  much  as  5°  C,  since  it  is  well  known  that  even  small  changes  in 
temperature  alter  the  magnetic  properties  to  an  extent  that  can  not 
be  neglected. 

The  most  obvious  way  to  obtain  uniform  magnetization  is  by  sur- 
rounding the  specimen  with  the  magnetizing  coil.  If  this  is  done, 
however,  some  means  of  keeping  the  specimen  cool,  such  as  a  water 
jacket,  must  be  provided.  This  is  not  convenient  and  it  seems  better 
to  adopt  an  arrangement  based  on  the  well-known  isthmus  method, 
with  a  magnetic  circuit  such  as  to  give  uniform  magnetization. 

An  apparatus  previously  described1  meets  the  requirements,  but 
is  not  convenient  for  routine  testing  because  a  separate  set  of  pole 
pieces  and  test  coils  is  required  for  each  different  size  of  specimen. 
The  present  investigation  was  undertaken  to  see  if  it  might  not  be 
possible  to  design  a  single  set  of  pole  pieces  and  test  coils  for  this 

1  Sanford,  A  Method  for  the  Standardization  of  Permeameters  at  High  Magnetizing  Forces,  B.  S.  Jour. 
Research,  vol.  6  (RP279),  p.  355,  1931. 
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apparatus  which  would  give  satisfactory  results  for  a  considerable 
range  of  sizes  of  specimens.  The  final  result  was  an  apparatus  capa- 
ble of  testing  specimens  of  rectangular  section  from  one-half  inch 
(1.27  cm)  to  l){  inches  (3.8  cm)  in  width  and  any  thickness  up  to 
three-fourths  inch  (1.9  cm).  The  accuracy  is  sufficient  to  meet  ordi- 
nary commercial  requirements  in  the  range  of  magnetizing  force 
values  from  100  to  1,000  oersteds. 

II.  EXPERIMENTAL  INVESTIGATION  OF  THE  MAGNETIC 

CIRCUIT 

The  magnetic  circuit  is  shown  in  Figure  1.  The  test  specimen  is 
clamped  in  pole  pieces  between  two  similar  U-shaped  yokes  of  lami- 
nated silicon  steel  upon  which  are  wound  the  magnetizing  coils.  In 
the  previous  apparatus  pole  pieces  1  cm  thick  surrounded  the  test 
specimen  at  each  end.  In  the  present  arrangement  these  pole  pieces 
are  replaced  by  simple  laminated  blocks  of  rectangular  section  5  cm 
wide,  3  cm  thick,  and  12  cm  long  as  shown  in  the  figure.     This  change 
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was  made  so  as  to  obviate  the  necessity  of  providing  a  separate  set  of 
pole  pieces  for  each  size  of  specimen  to  be  tested. 

In  order  to  determine  whether  or  not  this  circuit  would  prove  to  be 
satisfactory,  and,  if  so,  to  fix  upon  the  best  gap  length  and  test  coil 
dimensions,  the  field  between  the  ends  of  the  pole  pieces  was  explored 
by  means  of  a  small  test  coil.2  Various  gap  lengths  and  thicknesses 
of  specimen  were  used.  The  distribution  of  induction  along  the 
length  of  the  specimen  between  the  pole  pieces  was  also  determined 
for  each  condition. 

Typical  results  of  this  exploration  are  shown  in  Figures  2  to  5. 
Figure  2  shows  the  radial  distribution  of  the  field  with  a  specimen 
one-half  inch  thick.  The  4  cm  gap  is  evidently  too  short  to  obtain 
uniformity.  However,  for  gaps  of  from  5  to  6  cm,  the  field  is  sub- 
stantially uniform  for  a  distance  of  at  least  1  cm  from  the  surface 
of  the  specimen.     Figure  3  shows  the  longitudinal  distribution  of  the 


usi™  ••r\T^«fl^-hrrk  °n  tl?e  uniI?1rmi,t:y  of  the  fieM  was  made  by  means  of  an  "iron-filing  diagram" 
umi.k     MaKnafliu    iron  j>owder.     The  .liagram  obtained  is  shown  in  Fig.  1. 
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field.     As  the  exploring  coil  had  a  length  of  1  cm,  the  points  represent 
average  values  over  a  centimeter  of  length.     However,  the  results 
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Figure  4. — Longitudinal  distribution  of  induction  for  different  lengths  of  gap 

indicate  that  there  is  no  appreciable  variation  over  the  middle  centi- 
meter so  that  it  should  be  safe  to  use  a  test  coil  1  cm  long.     Figure  4 
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shows  the  longitudinal  distribution  of  B  for  the  different  gaps.  From 
these  results  it  was  concluded  that  with  a  test  coil  1  cm  long  extending 
not  over  1  cm  from  the  surface  of  the  specimen,  the  value  of  magnetiz- 
ing force  could  be  measured  with  a  satisfactory  degree  of  accuracy 
for  a  specimen  one-half  inch  thick. 

In  order  to  determine  the  effect  of  variation  in  thickness  of  speci- 
men, the  tests  were  repeated  with  specimens  one-fourth  and  three- 
fourths  inch  in  thickness,  respectively.  The  values  obtained  for 
the  5  cm  gap  are  shown  in  Figure  5.  There  is  some  variation  due  to 
difference  in  thickness  but  not  enough  to  cause  an  appreciable  error. 

III.  DESCRIPTION  OF  APPARATUS 

In  the  apparatus  as  finally  constructed,  each  pair  of  pole  pieces  on 
the  same  side  of  the  specimen  is  rigidly  fastened  together  with  brass 
strips  above  and  below.     The  gap  length  is  thus  fixed  at  5.5  cm 
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Figure  5. — Radial  distribution  of  the  field  for  specimens  of  different  values  of  thickness 

which  appears  to  give  the  best  average  results.     Between  the  brass 
strips  on  one  side  is  mounted  the  test  coil  system. 

The  test  coil  system  consists  of  three  coils — a  B  coil,  an  H  coil,  and 
a  compensating  coil — each  1  cm  long.  The  B  coil  of  25  turns  is 
wound  on  a  split  brass  form  with  hard  rubber  flanges.  The  coil  open- 
ing is  2  by  4  cm.  One  vertical  side  is  in  line  with  the  edge  of  the  pole 
pieces  so  that  a  specimen  clamped  in  place  comes  just  in  contact  with 
the  side  of  the  coil.  The  H  coil  is  wound  on  a  solid  hard  rubber 
Sun  2.5  by  7.5  mm  in  cross  section.  The  coil  has  725  area  turns 
which  gives  ample  sensitivity.  The  compensating  coil  is  wound  over 
the  //  coil  and  has  a  number  of  area  turns  equal  to  that  of  the  B  coil 
with  which  it  is  connected  in  series,  opposing.  The  function  of  this 
compensating  coil  is  to  eliminate  the  large  air  correction  which  would 
result  from  the  use  of  a  B  coil  of  much  larger  area  than  that  of  the 
specimen.  The  combination  of  H  coil  and  compensating  coil  is 
placed  adjacent  to  the  B  coil  so  that  the  H  coil  comes  within  the 
uniform  part  of  the  field.  The  whole  combination  extends  only 
Blightly  more  than  1  cm  from  the  surface  of  the  specimen.  The 
arrangement  of  ihv  pole  pieces  and  test-coil  system  is  indicated  in  the 
diagram  of  Figure  6. 
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The  pole  pieces  are  not  fastened  to  the  yokes  and  can  be  removed 
so  that  the  yokes  can  be  used  for  other  purposes. 

The  rest  of  the  apparatus  consists  of  a  heavily  over-damped 
ballistic  galvanometer  with  the  usual  calibrating  inductor,  reversing 
switches,  rheostats,  etc. 

IV.  PERFORMANCE 

After  the  apparatus  was  assembled  in  its  final  form,  several  tests 
were  made  to  check  its  accuracy  and  to  determine  the  influence  of 
various  factors  encountered  in  general  testing. 

Check  tests  with  the  previous  form  of  pole  pieces  and  concentric 
test  coils  gave  agreement  within  the  experimental  error  and  demon- 


Arrangement  of  pole  pieces  and  test  coil 


strated  that  the  degree  of  reproducibility  was  satisfactory.  It  seemed 
desirable,  however,  to  obtain  a  comparison  with  some  entirely  inde- 
pendent method  of  known  accuracy.  Fortunately,  there  was  available 
a  bar  of  hardened  cobalt  magnet  steel  112  cm  long.  This  bar  which 
was  furnished  through  the  courtesy  of  L.  E.  Howard,  director  of  re- 
search of  the  Simonds  Saw  &  Steel  Co.,  had  been  used  in  previous 
investigations  and  was  known  to  have  a  satisfactory  degree  of  uni- 
formity along  its  length.  The  cross-section  was  approximately  1 
by  2.5  cm.  A  25-turn  B  coil  was  wound  directly  on  the  bar  at  the 
middle.  A  thin  H  coil  was  placed  against  this  and  a  test  made  in  a 
straight  solenoid  90  cm  long.  The  values  thus  obtained  were  taken 
as  correct.  The  bar  was  then  tested  in  the  new  apparatus  and  the 
results  were  compared.  Figure  7  shows  the  agreement  obtained.  The 
full  lines  represent  the  results  obtained  with  the  solenoid  and  the 
circles  indicate  points  obtained  with  the  new  apparatus.  While  the 
agreement  is  not  perfect  the  differences  do  not  exceed  1  per  cent.  It 
would  have  been  desirable  to  repeat  the  tests  with  other  bars  of  differ- 
ent cross  sections  but,  unfortunately,  satisfactory  specimens  were  not 
available. 
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In  order  to  determine  the  effect  of  the  length  of  the  specimen,  a 
test  was  made  on  a  bar  25  cm  long.  Equal  lengths  were  then  cut 
off  from  each  end  making  the  specimen  only  7.5  cm  long.  This  gave 
only  1  cm  length  of  contact  at  each  end.  Some  difference  was  noted 
in  the  steep  part  of  the  curve,  but  there  was  exact  agreement  in  the 
upper  part  of  the  curve.  The  short  length  gave  about  1  per  cent 
higher  value  of  residual  induction  and  the  same  value  of  coercive 
force  as  found  for  the  full  length. 

The  lower  limit  of  magnetizing  force  was  determined  by  testing 
several  uniform  standard  bars  calibrated  by  means  of  the  Burrows 
permeameter.  For  the  low  part  of  the  curve  the  apparatus  gives 
values  of  H  which  are  too  high.  In  all  cases,  however,  the  curves 
coincided  for  magnetizing  forces  of  100  oersteds  or  over  so  the  lower 
limit  at  which  accurate  values  are  obtained  appears  to  be  100  oersteds 


' 


Figure  7. — Comparison  of  results  obtained  by  a  long  solenoid  and  by  the  new 

apparatus 
Full  lines  represent  solenoid  values;  circles  are  points  by  the  new  apparatus 

One  possible  source  of  error,  especially  for  specimens  of  small  cross 
section,  is  lack  of  uniformity  of  field  throughout  the  area  inclosed  by 
the  B  coil.  This  would  lead  to  incorrect  compensation  with  a  con- 
sequent error  in  the  observed  value  of  the  induction.  In  order  to 
determine  the  magnitude  of  this  effect  under  the  most  unfavorable 
conditions,  a  test  coil  was  wound  directly  on  a  specimen  one-fourth 
inch  thick  and  the  results  obtained  with  this  coil  were  compared  with 
those  obtained  with  the  compensated  system.  The  compensated  sys- 
tem gave  values  of  induction  slightly  lower  than  those  obtained  with 
fcne  coil  wound  on  the  specimen,  but  the  difference  was  nowhere  as 
great  as  1  per  cent.  In  Figure  8  the  full  line  represents  the  curve 
<>  >t:imc<  with  the  coil  on  the  specimen  and  the  circles  represent  points 
obtained  with  the  compensated  B  coil. 
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In  the  light  of  these  results,  it  appears  that  the  apparatus  is  suitable 
for  general  magnetic  testing  within  the  range  of  magnetizing  force 
values  from  100  to  1,000  oersteds.  The  symmetrical  magnetic  circuit 
and  absence  of  heating  are  distinct  advantages.  The  apparatus  is 
convenient  and  simple  to  operate  and  gives  results  on  specimens  from 


0         100     200     300     400     500     600     700     800     900    1000 
H.  OERSTEDS 

Figure  8. — Showing  differences  due  to  imperfect  compensation 
Full  lines  represent  true  values;  circles  are  points  by  the  compensated  B  coil 

one-half  inch  (1.27  cm)  to  1%  inches  (3.8  cm)  in  width  and  any 
thickness  up  to  three-fourths  inch  (1.9  cm)  which  are  estimated  to 
be  accurate  within  2  per  cent.  It  has  been  adopted  for  routine  testing 
in  the  magnetic  measurements  section  of  the  Bureau  of  Standards. 

Washington,  January  31,  1933. 


Bureau  of  Standards  Journal  of  Research 


CONTENTS  OF  RECENT  NUMBERS— Continued 

January,  1933  (Vol.  10,  No.  1) 

RP512.  While-metal  bearing  alloys:  Mechanical  properties  al  different  temperatures  and  service  tests.   Harry 

K.  Hershman  and  John  L.  Basil.    Price  5  cents. 
RPS13.  The  cause  and  elimination  of  night  effects  in  radio  range-beacon  reception.   H.  Diamond. 
RP514.  The  heat  capacity,  heat  of  sublimation,  and  heat  of  solution  of  phosphorus  pentoxide.   Mikkc!  Frandsen. 

Price  5  cents. 
RP515.  The  interference  method  of  measuring  thermal  expansion.   George  E.  Merritt.   Price  5  cents. 
RP516.  Effect  of  lathe  cutting  conditions  on  the  hardness  of  carbon  and  alloy  steels.  T.G.Digges.  Price  5  cents. 
RP517.  Measurements  of  ultra-violet  solar  radiation  in  various  localities.   W.  W.  Coblentz,  R.  Stair,  and 

J.  M.  Hogue.    Price  5  cents. 
RP518.  Effect  of  service  temperature  conditions  on  the  electromotive  force  of  unsaturated  portable  standard 

cells.  J.H.Park.   Price 5 cents. 
RP519.  The  Thomas  recording  gas  calorimeter.   R.  S.  Jessup.   Price  5  cents. 
RP520.  Compressive  strength  of  steel  columns  incased  in  brick  walls.   Albert  I.  Harris,  A.  H  Slang,  and 

J.  W.  McBurney.   Price  5  cents. 
RPS21.  Further  description  and  analysis  of  the  first  spectrum  of  xenon.    C.  J.  Humphreys  and  W.  F.  Meggers. 

Price  5  cents. 


February,  1933  (Vol.  10,  No.  2) 


RF522.  The  elimination  of  background  "noise"  in  sensitive  pulse  amplifiers.  L.  F.  Curliss. 

RP523.  The  pressure  of  saturated  water  vapor  in  the  range  100°  to  374°  C   N.  S.  Osborne,  H.  F.  Stimson, 

E.  F.  Fiock,  and  D.  C.  Ginnings. 
RP524.  Some  fusion  properties  of  ground  coat  enamels  as  influenced  by  composition.   W.  N.  Harrison  and 

B.  J.  Sweo. 
RP525.  The  photographic  emulsion:  The  mechanism  of  hypersensilizathn.  Burt  H.  Carroll  and  Donald 

Hubbard. 
RP526.  Temperature  effect  and  its  elimination  in  Geiger-Miiller  tube  counters.   L.  F.  Curtiss. 
RP527.  Operation  of  thick  walled  X-ray  tubes  on  rectified  potentials.   Lauriston  S.  Taylor  and  C.  F.  Stoneburner. 
RP528.  Apparatus  for  comparison  of  length  of  gage?.   Charles  Moon. 
RP529.  Clay  in  concrete.   D.  A.  Parsons. 
RP530.  Reference  tables  for  platinum  to  platinum-rhodium  thermocouples.  Wm.  F.  Roeser  and  H.  T.  Wensel. 

March,  1933  (Vol.  10,  No.  3) 

RP531.  Temperature  coefficient  of  the  moduli  of  metals  and  alloys  used  as  elastic  elements.   G.  H.  Keulegan 

and  M.  R.  Houseman. 
RP532.  A  magnetic  balance  for  the  inspection  of  auslenitic  steel.   Raymond  L.  Sanford. 
RP533.  Determination  of  aluminum  in  nitriding  steels  by  the  use  of  8-hydroxyquinoline.    H.  A.  Bright  and 

Robert  M.  Fowler. 
RP534.  The  oxidation  of  alpha  and  beta  glucose  and  a  study  of  the  isomeric  forms  of  the  sugar  in  solution. 

Horace  S.  Isbel!  and  Ward  Pigman. 
RP535.  Scattering  of  electrons  by  ions  and  the  mobility  of  electrons  in  a  caesium  discharge.   C.  Boeckner  and 

F.LMohler. 
RP536.  The  preparation  of  optically  stable  sugar  solutions  for  colorimelric  analysis.   J.  F.  Brewster  and  F.  P. 

Phelps. 
RP537.  Thermoelectric  properties  of  platinum-rhodium  alloys.   Frank  R.  Caldwell. 
RP538.  The  vapor  pressure  of  liquid  and  solid  carbon  dioxide.    C.  H.  Meyer  and  M.  S.  Van  Dusen. 
RP539.  Methods  for  determining  the  total  acidity  of  soils.   I.  A.  Denison. 


Research  papers,  where  prke  U  given,  are  already  available,  and  others  will  be  available  in  the  near  future 

as  separates  for  purchase  from  the  Superintendent  of  Documents,  United  States 

Government  Printing  Office,  Washington,  D.  C. 


, 


